Monitoring fidelity to psychosocial treatments is critical to dissemination, process and outcome research, and internal validity in efficacy trials. However, the costs required to behavior code fidelity to treatments like motivational interviewing (MI) over many therapists and sessions quickly become intractable. Coding less of a session accelerates the process, but it is not clear how much of a session must be evaluated to capture the fidelity of the entire session. The present study used a "thin slice" (Ambady & Rosenthal, 1992) paradigm to explore the degree to which variously sized thin slices of MI fidelity related to fidelity ratings for a full session. We randomly selected contiguous and noncontiguous segments of MI sessions at each whole percent of sessions (i.e., a slice consisting of 1% of session utterances, another at 2%, etc.). We then computed MI fidelity scores from these segments and calculated agreement with fidelity ratings obtained from the full session. We compared thin slice agreement with full sessions against interrater agreement and found that approximately a third of a session (9 min, 26 seconds in our sample) had sufficient agreement to approach interrater levels. These results provide a reference for researchers and clinicians to make efficient and informed use of their behavior coding resources. In addition, our results add to the behavior slicing literature, indicating that small therapist behavior samples adequately describe overall session behavior.
Substance abuse continues to be a significant and debilitating public health problem in American society (National Institute on Drug Abuse, 2015; Substance Abuse and Mental Health Services Administration, 2015) . Thus, it is vital that high-quality interventions for treating substance use problems are available to the public, such as motivational interviewing (MI; Miller, 1983; Miller & Rollnick, 2013) . MI is a "person-centered counseling style for addressing the common problem of ambivalence about change" (Miller & Rollnick 2013; p. 21) . There are more than 1,200 published studies of MI, including 200 independent clinical trials demonstrating MI's efficacy (Health Sciences Institute [HSI], 2015) in treating various mental and behavioral health problems, including tobacco, alcohol, illicit drug, and gambling dependence (Lundahl, Kunz, Brownell, Tollefson, & Burke, 2010) . There is training for MI in 43 languages (HSI, 2015) , and the Society of Clinical Psychology (2015) of the American Psychological Association (APA) considers MI to have "strong research support" for efficacy in mixed substance use and dependence.
The assessment of therapist fidelity to MI principles is a key component of research on MI at multiple levels. In outcome research, treatment fidelity is assessed to ensure that treatment outcomes are the result of the intended treatment procedures (Jelsma, Mertens, Forsberg, & Forsberg, 2015) . Research on how MI works relies on process-outcome studies in which therapist utilization of specific behaviors (e.g., reflections, questions, empathy) are correlated with client behaviors and outcomes (see Ang et al., 2013; Armstrong et al., 2011; Pace et al., 2017) . Furthermore, there is evidence that ongoing feedback on provider utilization of MI encourages ongoing utilization of the approach (Schwalbe, Oh, & Zweben, 2014) . More generally, because therapist self-report can be misleading (Brosan, Reynolds, & Moore, 2008; Santa Ana et al., 2008) , it is not possible to know whether dissemination efforts were effective without objective assessment of therapist actions. Therefore, the ability to directly evaluate MI fidelity is a critical research and quality assurance need.
Coding instruments have been designed to rate therapist fidelity to the techniques and "spirit" (a compassionate, client-centered state of mind; Rollnick & Miller, 1995) deemed central to competent MI. Among the most-used of these measures (Madson & Campbell, 2006) is the Motivational Interviewing Skills Code (MISC; Miller, Moyers, Ernst, & Amrhein, 2008) . The MISC evaluates therapist fidelity to MI techniques and spirit for the session as a whole, as well as individual utterances. However, the MISC's utterance-level fidelity codes require considerable time and effort to code properly. Specifically, the MISC requires the rating of therapist utterances (i.e., a rating for each standalone, vocalized statement) with one of 19 distinct codes. This process can require as much as 6 min of coding time per 1 min of session time (Moyers, Martin, Catley, Harris, & Ahluwalia, 2003) , creating a tremendous resource burden for the coding of multiple sessions.
Research in social psychology may provide lessons that could leverage the precision of measures like the MISC while considerably shortening the amount of time raters need to spend coding. For the past half-century (e.g., Webster, 1964) , social psychologists have observed the power of first impressions and "thin slices" (Ambady & Rosenthal, 1992) of behavior to generalize to broader behavioral trends. For example, Ambady and Rosenthal (1993) found that college students could watch a 30-s, silent video clip of an instructor teaching a class and produce evaluations of the instructor's quality that closely matched (r ϭ .76) the evaluations of students who had spent a full semester with the instructor. Ambady and Rosenthal found the same results in a high school setting, needing only 6 s of video to accurately predict term-length evaluations. It is plausible that thin slices of MI fidelity metricsderived from the detailed, utterance-level MISC scores-could predict full-session MISC fidelity scores. If this were found to be true, researchers and practitioners would have evidence to justify not coding entire therapy sessions for MI fidelity in confidence that their coded thin slice reasonably resembles the therapist's MI fidelity for the full session.
Moreover, addressing how well thin slices of MI behaviors predict session-level scores would indicate how consistent a therapist's behaviors are over the course of a session. This dynamic is illustrated in Figure 1 . The figure shows two possible behavior patterns: one with a limited, consistent range over the course of a session (Panel A) and another where behavior varies drastically (Panel B). Each panel is demarcated by fifths of a session, and if the visible range of the panels was limited to a 20% slice, the features Panel A could still be described relatively well. By comparison, the more erratic Panel B would require considerably more than 20% of the session to capture its overall quality. Likewise, if individual therapists operate within a limited range of MI behaviors (like in Panel A), relatively small behavior slices will suffice to describe the whole session. If individual therapists behave highly inconsistently (like in Panel B), larger slices will be necessary to describe the whole session. Therefore, exploring how much of a MI session needs to be coded also communicates how consistent therapist behaviors are within a given session.
Streamlining MI fidelity coding would confer a number of benefits to mental health professionals (Miller et al., 2008) . For researchers, a more efficient coding strategy would make the important task of measuring fidelity easier and thereby more commonplace. Moreover, psychotherapy process researchers could more easily correlate outcomes with process. For practitioners, more accessible fidelity coding options would enable easier access to feedback for improving their MI skills. Finally, researchers, practitioners, and administrators could more easily evaluate MI practitioners before and after a given MI training.
Thus far, there has been little research on how much of a session must be coded to achieve a reliable estimate of the whole session. MI clinical trials usually only code a small percentage of a therapist's total number of sessions (albeit in their entirety), between 11% and 32% (Jelsma et al., 2015) , but this is done out of necessity Figure 1 . Examples of consistent and inconsistent behaviors relative to fidelity over time. Each dot represents a hypothetical behavior sample event taken from a particular time in a session. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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and convention rather than as an empirically validated means of efficient fidelity coding. Moreover, the Motivational Interviewing Treatment Integrity (MITI 4.1; Moyers, Manuel, & Ernst, 2014) recommends coding a random 20-min audio segment, but there is no empirical justification for this length over a shorter or longer segment. One article (Klonek, Quera, & Kauffeld, 2015) examined how well thin slices of sessions shorter than 20 min related to summaries of the full session. The authors found that only a 10-min session interval was necessary to approximate a 46-min session. However, these results were from a small, nonclinical sample (n ϭ 26) and used thin slices restricted to contiguous segments from near the beginning of a session (practitioners may conduct sessions differently at the beginning of a session compared to the middle or end). The present study explored the relation between varying lengths of thin slices and full session summary ratings of MI fidelity. Specifically, this study investigated (a) the minimum contiguous sample of a session that needs to be coded to achieve sufficient agreement with the full session, and (b) how consistent therapist MI behaviors are over the course of a session. In the literature exploring thin slices of behavior in other domains, often only a small amount of information relative to the whole is needed to predict the quality of the whole. Moreover, those studies reported strong relationships between thin slices and their source material. Therefore, we expected that relatively small thin slices would sufficiently resemble the fidelity qualities of full sessions.
Method Data Source
We analyzed MISC 2.1 ratings from 343 MI session recordings-148 sessions were from five clinical trials and another 195 were from one MI training trial, all conducted in the Pacific Northwest (all studies were ethics board-approved). The 343 MISC-coded sessions were pulled from a corpus of 1804 MITIcoded sessions. The clinical trial sessions were selected randomly and the training trial sessions were selected for particularly high or low scores on MITI-rated empathy (Imel et al., 2014; Lord, Sheng, Imel, Baer, & Atkins, 2015) . Therapists in the MI training trial (Baer et al., 2009) were from eight sites and saw standardized and real patients as part of the trial. Training trial therapists received 15 hr of MI training during the course of data collection (some sessions were collected at the beginning, middle, and end of the training sequence). The original sample of therapists from the MI training trial had an average of 9.5 years (SD ϭ 8.7 years) of clinical experience and 61% reported prior exposure to motivational interviewing before the trial (11% from previous training workshops; 50% from reading MI texts or journal articles; Imel et al., 2014) .
The five clinical trials utilized already-trained MI practitioners. One study evaluated a brief MI intervention for college students turning 21 years old (41 included sessions; Neighbors et al., 2012) . These providers experienced a 2-day BASICS (Dimeff, Baer, Kivlahan, & Marlatt, 1999) and MI training and their treatment fidelity was monitored throughout the study. Another trial used brief interventions for college students intending to drink during an upcoming spring break (20 included sessions; Lee et al., 2014) . This trial's therapists were trained in a 2-day BASICS workshop, their adherence was monitored according to MI principles, and they attended weekly supervision. The providers included three PhDs in clinical psychology, six PhD clinical psychology graduate students, three Masters of Social Work students, and eight postbaccalaureate students. The third clinical trial studied MI microskills in a sample of college students with drinking problem indications (10 included sessions; Tollison et al., 2008) . These providers were three graduate students and three undergraduate students who were trained in BASICS and MI, assessed for initial proficiency, and attended weekly supervision. The fourth trial examined a brief intervention for college students who reported using marijuana (7 included sessions; Lee et al., 2013) . The providers in this trial were doctoral-level students and professionals who participated in a 2-day training and attended weekly supervision. The final trial was a brief drug-use intervention for adults at primary care clinics who indicated drug use (70 included sessions; Krupski et al., 2012) . These therapists received 8 to 16 hr of brief intervention training and also received weekly supervision and feedback from an MI trainer.
There were 343 session recordings that were coded 515 times. There were two series of analysis: (a) thin slicing, and (b) interrater reliability. All 515 sessions were included in the primary thin slice analyses. Specifically, these sessions included 97 sessions that were coded more than once for intrarater or interrater reliability purposes: 50 sessions were coded twice, 27 sessions three times, 15 sessions four times, two sessions five times, and three sessions six times. For the interrater reliability calculations, we relied on a set of 66 sessions that were coded at least twice by two or more different raters. Of the 515 coded sessions, 391 (76%) met the Percent MI-Consistent (MICO) basic proficiency standard of 90% MI-consistent utterances. One hundred and eighty seven coded sessions (36%) met the competency standard of 100% MIconsistent utterances. The average coded session was 28.30 min long (SD ϭ 15.14 min) and had 244 therapist utterances (SD ϭ 155 utterances). The MISC 2.1 (Miller et al., 2008) includes guidelines for rating both global (i.e., whole-session) and behavioral count (i.e., utterance-level) MI constructs for both the therapist and the client. The current study used per-utterance behavioral counts for the therapist to explore thin slicing, and global and client ratings are not included.
Behavioral counts are a mutually exclusive and exhaustive set of codes for unique utterances, where an utterance is defined as a complete thought. For example, if a therapist says "So you feel confident you can quit. What gives you that confidence?" a MISC coder considers those two sentences as distinct thoughts, therefore requiring their own individual codes (in this case: a simple reflection and an open question). The MISC 2.1 contains 19 therapist-specific codes, including therapist behaviors such as affirm, warn, facilitate, and confront. Some codes have specific qualifiers, such as advise, which is simultaneous coded as being with or without permission from the client. Returning to the previous example, the utterance of "So you feel confident that you can quit" would be coded as a reflection and "What gives you that confidence?" would be a question qualified as open (as opposed to closed). MISC data in this study were scored by trained raters at the University of Washington and the University of Utah. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Operationalization of MI Fidelity
MI fidelity was operationalized by using MISC summary scores and proposed proficiency thresholds. Summary scores are ratios of desirable to undesirable therapist behaviors, and the clinical developers of the MISC have proposed specific thresholds to indicate therapist proficiency in MI for each summary score. We chose to use summary scores because they are the functional representations of MI proficiency and, therefore, overall treatment fidelity. Specifically, we used the four MI summary scores based on therapist behavior counts: reflection-to-question ratio, percent complex reflections, percent open questions, and percent MIconsistent responses.
Reflection-to-question ratio. As defined by the MISC, a reflection is "a reflective listening statement made by the counselor in response to a client statement" (original authors' bold; p. 22; Miller et al., 2008) . A 1:1 ratio of reflection-to-question codes within a session is considered to indicate "beginning proficiency" in MI, whereas a ratio of 2:1 would indicate MI "competency" (p. 16; Moyers, Martin, Manuel, Hendrickson, & Miller, 2005) . We used the beginning proficiency cutoff for the present study.
Percent complex reflections. The MISC further distinguishes between two types of reflections: simple and complex. Simple reflections do not add anything substantial to the client's utterance and are a straightforward repetition or rephrasing of the client's utterance. In contrast, complex reflections add significant meaning or emphasis to a client's utterance, conveying more depth and richness to the sentiment than originally described by the client. Although a proficiency benchmark for a percentage of complex reflections is not stated in the MISC 2.1 manual, other MI resources indicate that 40% complex reflections indicates beginning proficiency (Moyers et al., 2010) , which we used here.
Percent open questions. A therapist's questions can be either closed or open. Closed questions are imply a short answer such as a yes or no, specific fact, number of precise detail from the past. Open questions provide the client with latitude in their response, identified most simply by determining that a question is not closed. MI guidelines (Moyers et al., 2010) 
Analytic Approach
We used two utterance sampling methods to address our questions regarding necessary coding amounts and therapist behavior consistency. First, we removed all client utterances and sampled contiguous sequences of therapist utterances, systematically varying the percentage of total utterances included, from 1% to 99% (where each percentage contains approximately 2.5 utterances). The starting point for each contiguous sample was random and respected the beginning and end of the session. For example, the 50% slice would not start three-quarters of the way through the session and then start over at the beginning-then finishing at one-quarter from the session start. This was done to maximize the translational utility of the results, given that it is unlikely that coders would loop from the end of a session recording back to the beginning during scoring. This method is akin to picking progressively larger chunks of the behaviors depicted in Figure 1 until the full session is captured. For our second sampling method, we randomly sampled individual therapist utterances regardless of adjacency so that samples were not guaranteed to be contiguous. We again systematically varied the percentage of total utterances included. Returning to Figure 1 , this method sampled individual utterances from random places along the x-axis: for a 2% slice, perhaps 1% of the session was sampled a quarter of the way through and another 1% three-quarters of the way through. This noncontiguous sampling method addressed our question regarding the overall consistency of therapist behaviors by sampling utterances independent of the order in which the behavior occurred. Strong agreement between smaller slices and the whole session would indicate therapist behavior consistency, without the biasing effects of long sequences of single codes.
At each sampling percentage-or thin slice-for both the contiguous and noncontiguous samples, we calculated the four MISC summary scores described above. We then dummy coded the thin slice for each metric with a "1" to indicate beginning proficiency or a "0" if the ratio was below the indicated threshold. The above two steps-calculation of the beginning proficiency ratio and subsequent dummy coding-were repeated at increasing increments of 1% of a given session's full sample of utterances until 99% of a therapist's utterances in a given session were used to predict the full session's fidelity.
We used Cohen's kappa (Cohen, 1960) to determine the level of agreement between each of the 99 thin slices and the full session. Cohen's kappa measures agreement between categorical items (here, dummy codes) and adjusts for the likelihood of agreement by chance. We used two benchmarks to interpret kappa results. We first considered at what point thin slice kappa scores surpassed human interrater kappas. Because sessions did not have the same raters or number of raters, kappa scores for missing combinations of session and coder were calculated by imputing kappa estimates for all coder pair combinations and deriving the weighted mean of resulting kappa scores (see Hallgren, 2012) . In total, our seven MI coders provided 196 ratings of the 66 sessions rated multiply by different raters, leaving 266 values to be imputed using the process above. Interrater (human) reliability ratings are the common method used to establish fidelity rating consistency for a session and provide a baseline for our intrasession agreement comparisons. Second, we use the traditional (though somewhat arbitrary) threshold for "substantial agreement" for Cohen's kappa of .61 (Landis & Koch, 1977) to gain further context on the thin slice agreement with whole session fidelity scores.
The statistical software R was used to conduct all analyses (R Core Team, 2015) , figures were generated using R and Plotly (2017), and kappa statistics were calculated using the irr R package (Gamer, Lemon, Fellows, & Singh, 2012) .
Results
Results comparing MI fidelity scores for each thin slice with the full session's fidelity scores are illustrated in Figure 2 and expanded upon in Tables 1 and 2. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Contiguous Sampling Method
We sampled contiguous segments of therapist utterances at each whole percent and compared the MI qualities of these segments with those with the full session. Thin slice to whole session kappas for the contiguous samples surpassed the interrater kappa of every MI metric at or before 28% of the session, or about 7 min, 55 s of session time and 68 therapist utterances. The average interrater kappa of all four metrics was first surpassed by the average thin slice to whole session kappa at 23% of the session. For reflectionto-question ratios, the thin slice kappa first overtook the interrater kappa at 23% of the session. For the percent open questions metric, this occurred at 28% of the session, at 14% of the session for percent complex reflections, and at 27% for the MI-consistent responses metric. The contiguously sampled thin slice kappa scores first surpass .60 at 23%, 33%, 25%, and 23%, respective to the order above.
Noncontiguous Sampling Method
We randomly sampled noncontiguous therapist utterances to evaluate how consistent therapists were over the course of a session. Thin slice to whole session kappas for the noncontiguous samples surpass interrater kappas at or before 21% of the session, or about 5 min, 56 seconds and 51 therapist utterances. For reflection-to-question ratios, the thin slice kappa first overtook the interrater kappa at 19% of the session. For the percent open questions metric, this occurred at 21% of the session, at 6% of the session for percent complex reflections, and at 10% for the MI-consistent responses metric. The average interrater kappa across all four metrics was first surpassed by the average thin slice to whole session kappa at 15% of the session. The noncontiguously sampled thin slice kappa scores first surpass .60 at 19%, 27%, 17%, and 10%, respective to the order above.
Both Sampling Methods
A visual inspection of Figure 2 indicates that the noncontiguous sampling method consistently but negligibly outpaced the contiguous sampling method in their agreement trajectories with full session ratings. The only notable gap between the two sampling methods occurred in the MICO proficiency metric, where the noncontiguous sampling method resulted in higher agreement scores with the full session than did the contiguous sampling method for most slices. Contiguous stretches of a single code that do not necessarily represent the whole session would explain this gap. Indeed, MICO behaviors are expected to represent 90% of a therapist's utterances, which implies that the MI therapists should have long stretches of only MICO behaviors. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Discussion
Our results indicate that coding a contiguous third-about 81 therapist utterances or nine and a half minutes of session time in our sample-of a full session is sufficient to capture the overall MI fidelity of the whole session. Here, we define "sufficient" as the largest summary score thin slice that agreed with the full session at a rate approaching interrater reliability (no more than 28% of a session for our sample) and statistical standards for agreement (no more than 33% of a session). This information could be important to researchers and clinicians with limited resources trying to measure treatment fidelity. Both groups can be more informed about how they want to utilize their resources for fidelity coding. For example, a researcher who intends to use the MISC to code one hundred 20-min sessions could save 56 hr of coder time if they only code 28% of sessions instead of full sessions. Our results also align with Klonek et al. (2015) , who found that about 22% of a session (10 min of an average 46-min session) was sufficient for computer-generated MI codes to estimate session-long fidelity in a nonclinical sample.
In addition to the practical utility of knowing how much of a session is necessary to code to gain a reliable picture of a full session's fidelity, these results add further support for the literature on behavior slicing. When randomly sampling noncontiguous utterances to create therapist behavior slices, the required percentage of a session needed for sufficient agreement did not surpass 27% of the session (about 7 min, 38 s in our sample). Noncontiguous sampling also produced thin slice to whole session agreement that met human agreement levels with as little as 6% (1 min 41 seconds) of the session, in the case of the percent complex reflections summary score. These results indicate that MI therapists in our sample were consistent enough that measuring only a fraction of their behavior was needed describe the whole session's behavior. If therapist behavior had been more inconsistent in a session, as in Panel B from Figure 1 , the graphs in Figure 2 would show linear or exponential growth curves because sufficient agreement could only be reached once the full diversity of the highly varied behaviors were accounted for. Instead, Figure 2 depicts more logarithmic growth curves, where much of the data in the session behaviors is captured with relatively small slices of the full session.
Readers who wish to apply our results to their own behavior coding work should emphasize our proportion metrics over the reported time and total utterances numbers. Our methods sampled by proportion only, and we report utterance and time counts to contextualize the proportions, not supersede them in translational importance. Readers should also be mindful of the likely relative MI proficiency of their sample and ours when considering how to apply our results. In our sample, 76% of the sessions surpassed MICO basic proficiency levels and 36% met MI competence according their MICO scores. In addition, readers should consider the level of MI training indicated in our corpus relative to the training type and duration of their own.
Our study has important limitations. Centrally, these data do not inform on how therapist performance in one session might correspond to performance of that same therapist in another session. For example, a prior study found that six sessions from a given MI therapist were necessary to find stable estimates of therapist behavior (Imel et al., 2014) . Also, our data were analyzed from a Motivational Interviewing paradigm and more research is needed to determine the consistency of therapist behavior as quantified by other treatments and theories. Finally, we had to generate a high proportion (57.6%) of individual kappa scores because of incom- Note. See Figure 2 for interrater kappas for each metric. Note. See Figure 2 for interrater kappas for each metric. This document is copyrighted by the American Psychological Association or one of its allied publishers.
plete coder pairs when computing interrater kappas. We used recommended practices for missing data (Hallgren, 2012; e.g., Tanana, Hallgren, Imel, Atkins, & Srikumar, 2016) , but this proportion of incomplete pairs hinders generalizability. However, our reported kappa figures generally align with those reported in other MISC studies reporting interrater reliability from different data sets (Moyers, Martin, Catley, Harris, & Ahluwalia, 2003; . The strengths of this study include a large sample of MI sessions conducted in diverse clinical settings. Moreover, the practitioners in the sample came from many training levels and backgrounds. Also, because many sessions were coded by multiple trained MISC coders, it was possible to make same-data comparisons of interrater and thin slice-whole session reliability.
In conclusion, we found that measuring approximately one third of therapist utterances are sufficient to reliably assess MI fidelity in a single session. These results allow researchers and clinicians interested in monitoring MI fidelity-and potentially the fidelity of other treatments-to intelligently allocate their human and monetary resources. Such resource budgeting may lead to quicker and cheaper research progression. Moreover, a lower bar for minimal sufficient coding may make researchers more willing to participate in thorough fidelity monitoring, which may lead to simpler interstudy randomized clinical trial comparisons. We recommend that future studies replicate our methods with other treatment techniques and longer session lengths to determine the robustness of behavioral slicing in therapist fidelity behavior.
